Abstract. Economic growth and population agglomeration play important roles in environmental degradation. The existing research is primarily concerned with economic growth and the environment, with little attention being devoted to the context of different types of cities and urbanization. This paper attempts to examine the determinants of environmental degradation within the framework of the Human Impact, Population, Affluence and Technology (IPAT) model and further incorporate the variable of population agglomeration based on the Environmental Kuznets Curve (EKC) hypothesis using city-level panel data from 2003 to 2012. Our results indicate that population agglomeration has little or very small impact on environmental degradation, whereas the population size has a positive impact on environmental pollution. The EKC hypothesis is verified with the whole sample of our study; however, the situation varies for different types of cities. The results of this study can serve as a useful reference for policy makers in terms of achieving economic and environmental sustainability.
Introduction
China has experienced rapid economic growth over the past several decades with an average GDP growth rate of over 9 percent since the reform and opening up policies were first implemented in 1978. China became the world's second largest economy in 2010. In 2014, China's GDP reached 636462.71 yuan (103601.05 in current USD). Meanwhile, China's GDP per capita increased from 381.75 yuan in 1978 to 46652.25 yuan (7593.88 in current USD) in 2014. The average household disposable income reached 20167 yuan in 2014, equal to 3282.71 in current USD (Fig.1) . According to the World Bank's classification, China has become an upper-middle income economy. Accompanying the development of industrialization and economic growth, since the mid-1980s, China has been witnessed the fastest pace of urbanization in the world. In 2011, China's urban population exceeded the rural population for the first time (Fig. 2) . Currently, China has the largest urban population in the world, with 749 million urban dwellers in 2014, accounting for 54.77 percent 1 of China's total population and 20 percent of the global population. However, this impressively rapid economic growth and population agglomeration process has placed abundant stress on environment, which has experienced a large degradation problem. Environmental pollution issues are often front page news and present enormous challenges for China's sustainable development, bringing concern to the central government. For example, the mean annual exposure of PM2.5 air pollution was 72.57 micrograms per cubic meter in China in 2010. The corresponding values for Japan, the UK and the US in 2010 were only 21.81, 13.7, and 13.38 micrograms per cubic meter. In fact, quite a large number of cities in China have reported intense pollution as an air quality problem. What is more, Chinese households have increased demand for environment quality due to rapidly rising incomes. Increasing attention to environment policy has provided renewed stimulus to investigating the relations between population agglomeration, economy and environmental pollution in China. Understanding environmental degradation and its determinants has become increasingly important throughout China.
The nexus between the environment and economic growth has attracted a notably large amount of attention for a long time. A considerable body of literature has examined the relationship between economic growth and environmental degradation. The famous Environmental Kuznets Curve (EKC) hypothesis, which was first proposed by Grossman and Krueger (1991) , is defined as a U-shape relationship between economic growth and environmental degradation. The EKC hypothesis posits that environmental pollution will increase with economic growth until a certain income level is reached and then decrease as economic growth proceeds. Soon after this hypothesis was introduced, many empirical studies attempted to test the relationship between economic growth and environmental degradation (Shafik, 1994 , 2015) , which is the most popular, as well as SO 2 emissions, CO emissions, water pollution, energy consumption (Suri and Chapman, 1998; Belloumi, 2009; Omri, 2013) and even ecological footprints (Al-mulali et al., 2015).
The relationships between population agglomeration or urbanization and environmental degradation are notably complex (Brennan, 1999) . Moreover, the general trend of research regarding this relationship is inconclusive; there is both supporting both a positive and a negative relationship. On one hand, population agglomeration due to the process of urbanization, understood as partly caused by industrialization and economic growth, may have a negative effect on the environment. Some researchers found that the process of urbanization is likely to have a negative impact on the environment (Ángel and  Tárraga, To the best of the author's knowledge, based on the literature review, there is still little focus on the importance of population agglomeration. What is more, as we can see, previous studies indicate that little attention has been paid to city-level panel data, particularly the comparison between different city scales, which are quite different in terms of population agglomeration. Therefore, it is worthwhile to examine population agglomeration, economic growth and environmental degradation.
The rest of the paper is organized as follows. The next section describes the model and data adopted in this study. The estimation and results are demonstrated in the section of "Estimation and Results". Finally, the last section presents the conclusions and policy implications.
Model and Data

Empirical model
One of the famous models describing the impact of economic human activity on the environment is the "I= PAT" model, proposed by Ehrlich and Holdren (1971) . The formula can be described by equation 1:
indicates that Human Impact (I) on the environment equals the product of P (population), A (affluence) and T (technology). This equation describes how growing population, affluence, and technology contribute to environmental impact. Following the framework of IPAT model, Dietz and Rosa (1997) 
where Pop and Den indicate the population growth and density, respectively, and measure the population. A is measured by GDP per capita (GDPPC) and its square (GDPPC2) on the basis of the EKC framework. The industrial share of GDP (Ind) is used to measure technology, following Zhang and Lin (2012). The subscript i denotes the different cities, whereas t indicates the time period. Equation 4 is a panel model that contains fixed region and time effects.
Measure and data
This section presents the data sources for our study and introduces details for the explanatory variables as well as the reasons for their inclusion. The panel data used in our study come from provincial and national statistical yearbooks. The final panel data collected in our study include 290 cities from all 31 provinces over the period of 2003-2012, with a total of 2865 observations.
As for the dependent variable, most of the studies use a single indicator, such as CO 2 emission, SO 2 . Due to data limitations in terms of city-level environmental pollutants, we use a single indicator for the environment variable. The discharged volume of industrial waste water, industrial soot emissions, and industrial SO 2 emissions are the only variables that can be collected on the city level. Because industrial soot emissions are more nationwide and more correlated with PM 2.5, which is a large concern among the public, the variable of "industrial soot emissions" is adopted as the dependent variable to measure environmental pollution in our study. Industrial soot emissions vary from a low of 34 tons to a high of 5168812 tons, with a mean of 30155.92 tons and standard deviation of 120056.5 tons. Here, we adopt its logarithm form to reduce the possibility of volatility. For the explanatory variable, the year-end total population is used for the variable of population. The year-end total population varies from 0.164 million, which is a small city, to 33.43 million, which is a super city, with a mean of 4.26 million and standard deviation of 2.9984 million. We also adopt its logarithm to reduce the possibility of heteroscedasticity. The variable density measures the population density on a per In addition, the impact of economic development and population agglomeration on pollution emissions may have significant diversity among different city population sizes. Therefore, to quantify the impact of different economic and human activities on environmental pollution among different city sizes, we need additional regression models for various sizes. The latest official criteria for the classification 2 of city scale by China's State Council is as follows: (1) a small city, with a population under 500 thousand; (2) a middle city, with a population between 0.5 million and 1 million; (3) a large city, with a population between 1 million and 5 million; (4) a megacity, with a population between 5 million and 10 million; and (5) a super city, with a population of over 10 million. In our study, we classified our sample into super cities, megacities, large cities and middle & small cites based on China's official city classification, with total observations of 110, 912, 1701 and 124, respectively. Table 2 shows the descriptive statistics of our sample by city scale. The average population sizes are 12.8731 million, 6.4695 million, 2.7825 million and 0.6615 million, respectively, for super cities, megacities, large cities, and middle-small cities. Further, the population density is also higher for larger cities. For example, the average population density of super cities is 853.52 people per km2, which is 3.9 times that of middle-small cities. In contrast, GDP per capita exhibited different tendencies with population. Statistics reveal that the middle-small cities had the highest GDP per capita, 45.7 thousand Yuan on average. The mean GDPs per capita for super cities, megacities and large cities are 32.5, 23.9 and 27.5 thousand, respectively. Because the larger cities were more developed in 3 , at an average of 15390.79 tons per year. The mean pollution for megacities was slightly smaller than that of large cities. In short, from our statistical analysis, we obtain the following general trends: (1) the larger the population density of a city, the more environmental pollution there will be in that city and (2) the relationship between economic development and environmental pollution is not clear via descriptive statistics. This initial descriptive analysis of our data seems to support some of our expectations. However, a quantitative approach is needed to further explore the precise relationships among agglomeration, economic growth and environmental pollution. 
Estimation and Results
In this section, we briefly describe our estimation method first and then present our estimation results. There is the possibility of unobserved city-specific effects, which do not change with time, correlated with the dependent variable. Therefore, it is also desirable to control for such individual effects. For these reasons, we adopted both the fixed effects (FE) model and Radom effects (RE) model for our research question. After performing the Hausman test for the FE model and RE model, we rejected the RE model 4 and considered only the FE model, which is shown in model 1 in Table 3 . Because population density and economic growth may have combined effects on environmental pollution, we also add the cross term of population density and GDP per capita in our model (shown in model 2).
From the results of model 1 shown in Table 3 , we obtained the following findings: (1) The variables population size, population density, and GDP per capita were all statistically significant in terms of the environmental pollution of industrial soot emissions with the FE models but with different directions. (2) Our empirical results support the EKC hypothesis, showing a reverse "U" shape between economic growth and environmental pollution. The turning point is 138.8 thousand yuan, which indicates that before the GDP per capita arrives at this point, economic growth and industrial soot emissions have a positive relationship. After arriving at this point, the relationship turns negative. However, in our sample observation, GDP per capita after the turning point accounts for only 1.675 percent, which means that the square of GDP per capita can be neglected in our study. ( 3) The year-end total population has a positive estimated coefficient, whereas population density has a negative estimated coefficient. These results indicate that the total population size leads to increased environmental pollution, whereas the reverse is true for population density. The economic interpretation of the results of the main specification is that when all control variables are included, if the total population increases by 1 percent, the total industrial soot emissions increase 0.61 percent. In contrast, the negative estimated coefficient for population density is very small, only -0.0004. Therefore, we can almost ignore the negative impact of population density. (4) Note: "*", "**", and "***"denote significance at the 10%, 5% and 1% levels, respectively.
We drop the square of GDP per capita in our model 2 and obtain similar results for population and population density. In contrast, the variable for industrial share is significant in regression model 2, with a positive estimated coefficient of 0.006, which means a 1 percent increase in the industrial share results in a 0.6 percent increase in industrial soot emissions. In addition, the GDP per capita is no longer significant in this model. Considering that population agglomeration and economic growth have combined effects on environmental pollution, we introduce the cross term of population density and GDP per capita in model 3. GDP per capita and the cross item of GDP per capita and population density are strongly significant in model 3, whereas density itself is no longer statistically significant. The economic interpretation of this result is that economic growth and population density have a combined impact on environmental pollution. More specifically, at the average population density, which is 417.17 people per 1 km 2 , the coefficient for the impact of GDP per capita on industrial soot emissions is -6.85 5 .
To further explore the variation in environment impact for different city sizes, the four types of city samples are run independently. The estimation results for super cities, megacities, large cities, and middle-small cities with the FE panel model are shown in Table 4 . From the estimation results, we find that the effect of population on environmental pollution is quite different among the various types of cities. Mainly, we obtain the following findings: density is insignificant for all four types of cities, which indicates that population agglomeration may not result in environmental degradation. However, it may have an indirect impact on the environment via other variables such as economic growth. Only the year-end population size of megacities and large cities has a significant and positive effect on environmental pollution. More specifically, a 1 percent increase in population size would result in a 1.6 percent and 1.02 percent increase in soot emissions for megacities and large cities, respectively. (2) The results for economic growth (proxied by GDP per capita) are interesting. The variable of GDP per capita and its square are significant only for super cities and large cities. Interestingly, the estimated coefficients for super cities and mega cities have different signs as those for large cities and middle-small cities. For super cities, the variable of GDP per capita is significant and negative, whereas its square is significant and positive. Thus, economic growth and environmental pollution have a U-shape relationship, with a turning point of 71,755. 6 6 yuan per person. However, only 13 observations are past this turning point, or 11.8 percent of the total sample for super cities. Altogether, this finding further indicates that economic growth and environmental pollution have a negative relationship for super cities. Though the estimated coefficient is not significant for mega cities, they have the same impact direction as super cities. The situation is different for large cities and middle-small cities, the estimated coefficients of which have the opposite signs. For large cities, GDP per capita has the standard positive and significant estimated coefficient, whereas the square of GDP per capita is negative and significant. Thus, for large cities, there is a U-shape relationship between economic growth and environmental pollution with a turning point of 141,269.8 7 yuan per person. However, only a 2 percent share of the sample is past this turning point, which means the relationship between economic growth and environmental pollution is positive for large cities. (3) The variable of industrial share is significant for all four types of cities but with different effects. Different from the whole sample, the industrial share of GDP is statistically significant for all types of cities. However, megacities have a standard negative estimated coefficient of -0.013, which indicates that industrial share and environmental pollution have a negative relationship. For all three other types of cities, the relationship between industrial share and environmental degradation is positive. Note: "*", "**", and "***"denote significance at the 10%, 5% and 1% levels, respectively.
Discussions and Policy Implication
This paper tries to examine the determinants of environmental degradation within the framework of IPAT model and further incorporate the variable of population agglomeration. This study also attempts to distinguish the different impacts at different city scales. The results of this empirical study have several profound implications.
First, although statistical data show that the larger the population density of a city, the more environmental pollution there will be in that city, through our quantitative empirical analysis, we find that population agglomeration has a small to very small impact on environmental degradation. Density in cities is accompanied by a larger urban population. This result may not be consistent with some studies claiming that "the process of urbanization is likely to have a negative impact on environment". However, this finding is reasonable and acceptable. Higher population agglomeration may also yield higher economic agglomeration. Numerous dense cities are classified as super cities, which have higher economic development and relatively higher tertiary industrial shares. Consequently, the environmental pollution will be smaller than in other less developed regions. For example, Shanghai, the largest super city in China, has a population density of 3809.15 person per kilometer (in 2013), which is 27 times China's average, with an urban population share of 89.6 percent and tertiary industrial share of 62.24 percent(see Table 5 ). The other reason is that more developed regions in China have higher production costs (such as labor costs and rental costs), and some heavily polluting industries move to less developed regions, which may result in more serious pollution problems in these less developed areas. Therefore, our results show that population density even has a negative relationship with environmental pollution. This finding is consistent with that of Sharif Hossain (2011), who found that urbanization has a significant negative impact on carbon emissions. However, our results demonstrate that population density has only a small impact on environmental pollution. More specifically, if the population density increased by 100 people per square kilometers, the industrial soot emissions would decrease by 4 percent based on our results. Second, the population size has a positive impact on environmental pollution. In addition, only megacities and large cities have significant effects from our empirical results. A larger population may not lead to a higher population density. For example, China's largest population province, Henan, has a total population of 90.82 million people, accounting for 7.48 percent of China's total population, but only 43.9 percent of the population was in urban area in 2013, almost 10 percent lower than China's average national level. According to the latest air quantity report released by the Ministry of Environmental Protection on 17th August, 2015 8 , Henan's provincial capital city, Zhengzhou, is one of the most polluted cities. Generally, our results show that a one percent increase in population for a city equates to a 0.6 percent increase of soot emissions in the city. Additionally, the situation is more serious for megacities and large cities, with estimated coefficients of 1.60 and 1.02, respectively. During the process of urbanization and industrialization, the local government should not only focus on GDP growth as the final goal of city development but also pay more attention to the functions of the city and environmental protection for future generations. Third, our empirical results with the whole sample data verified the theory of the EKC hypothesis, which shows a reverse "U" shape between economic growth and environmental pollution. However, the share of our observations with a GDP per capital exceeding the U-shape turning point is only 1.675 percent, which can be ignored. This result further indicates that economic growth and environmental pollution present a negative relationship based on our panel data. This is because the research period is between 2003 and 2012, during which China's rapid economic growth was accompanied by increasingly severe environmental degradation. We should note that though our result shows a U-shape relationship between economic growth and environmental pollution, the environmental quality will not be improved automatically without any protection. With the rapid rise in household income due to the fast development of China's economy, the public is becoming more concerned about environmental quantity. In addition, the government has the ability to manage environmental issues with increased fiscal revenue http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1503_15111525  2017, ALÖKI Kft., Budapest, Hungary from economic growth. Thus, the government should pay more attention to the management and protection of the environment and adjust the economic industry structure with, e.g., the development of service sectors. In fact, for most of the developed countries, the GDP share of the service sector is much higher than the industrial share. For example, the average shares of agriculture, industry and services for high-income countries are 1.58 percent, 24.59 percent and 73.84 percent, 9 respectively, in 2013. For the United States, in 2013, the three sectors' shares were 1.45 percent, 20.50 percent and 78.05 percent 10 , respectively. In contrast, in China, the shares of agriculture, industry and services were 9.17 percent, 42.64 percent and 48.19 percent respective in 2014 11 . China still has a long way to go in terms of adjusting its economic structure. Fourth, when referring to the city scale, our research reveals that the relationship between economic growth and environmental degradation is different for various types of cities. Specifically, economic growth and environmental pollution show a negative relationship for larger cities such as super cities and megacities and a positive relationship for relatively smaller cities, such as large cities and middle and small cities. Based on cross-sectional data, different types of cities experience different process of economic development. Generally, the larger the city population is, the more economic agglomeration there will be. The most developed cities have higher development of tertiary industry and less environmental pollution. China may still have a long way to go in terms of managing environmental issue, and local governments should not sacrifice the environment during economic development.
